Pulsed Doppler evaluation of the atrioventricular valves is standard in a fetal echocardiogram. In the normal fetal mitral and tricuspid valve waveforms, the E point, which reflects passive ventricular filling, is always lower in velocity than the A point, which reflects atrial contraction. In the setting of intrauterine growth retardation, the E and A point relationship may be reversed, with the E point displaying a higher velocity than the A point. It should be borne in mind, however, that improper Doppler interrogation angle may cause a pseudoreversal of these 2 points. Therefore, meticulous attention should be paid to interrogation angle to avoid the potential of an erroneous diagnosis.
Pulsed Doppler assessment of the diastolic inflow through the mitral and tricuspid valves has been reported to assess diastolic function.1 -3 Early passive filling is characterized by the E wave, whereas active ventricular filling during atrial contraction is characterized by the A wave. In the normal fetus, the peak velocity of the E wave is always lower than the peak velocity of the A wave. As pregnancy progresses, the difference in peak velocities decreases significantly, ultimately reversing at birth. Several authors have reported early reversal of the E and A points in the fetus affected with intrauterine growth retardation (IUGR).4 -7 Although this may be an important parameter in assessing those fetuses that may be severely affected by IUGR, it appears to be possible to cause a pseudoreversal of these peaks, if strict Doppler criteria is not adhered to. We report three cases in which a pseudoreversal of the E and A points was achieved by using an improper Doppler angle.
Case 1
A 19-year-old woman, gravida 2, para 1, was referred for a fetal echocardiogram because of a previous child born with a hypoplastic left heart.
An OB ultrasound was performed prior to the fetal echocardiogram, which showed the fetus to be 24.5 weeks gestation, by all biometry. This was consistent with the patient's last menstrual period. No fetal abnormalities were appreciated. The fetal echocardiogram showed a four-chamber heart correctly oriented in the left fetal chest. There was no evidence of chamber enlargement or hypertrophy. The aorta and pulmonary artery were identified coming from the appropriate chambers and were unremarkable by Doppler interrogation. The aortic and ductal arches were also identified and were within normal limits by pulsed Doppler. Foramenal flow was coursing in the correct direction, and two pulmonary veins were identified entering the left atrium. There was no dysrhythmia noted throughout the duration of the study. Velocities through the mitral and tricuspid valve were both within normal limits. Doppler interrogation of the left ventricle showed normal mitral valve inflow with no evidence of stenosis. Of interest was the spectral Doppler of the right ventricle, which showed the E and A points of the tricuspid valve to be reversed (Fig. 1 ). This was somewhat confusing because the rest of the heart was unremarkable and the size of the fetus was consistent with dates.
These Doppler measurements were taken from a subcostal four-chamber view of the fetal heart. Eventually, the fetus moved, allowing a more apical four-chamber view to be obtained. When the tricuspid inflow was again evaluated from this view, the E and A points of the tricuspid valve were correctly oriented, with the E point having a lower velocity than the A point ( Fig. 2 ).
Case 2
A fetal echocardiogram was performed on a 23-year-old woman, gravida 1, para 0. The fetal echocardiogram was indicated in this patient due to her history of having a coarctation of the aorta repaired when she was 17 years old. An OB ultrasound had been performed the previous day at an outside institution, which measured the fetus to be 23 weeks gestation. This was consistent with the patient's last menstrual period. No fetal anomalies were reported. The fetal echocardiogram was unremarkable for all structures. Additionally, no dysrhythmia was noted during the study. In this patient, reversal of the E and A points of the mitral valve was observed ( Fig. 3 ). This was not seen on the tricuspid valve.
The Doppler interrogation angle was noted to be suboptimal, so every attempt was made to change the fetal position. An apical four-chamber view was finally obtained, which allowed for a better Doppler angle. This resulted in a spectral tracing that showed the E point of the mitral valve to correctly have a lower velocity than the A point ( Fig. 4 ).
Case 3
A 19-year-old woman, gravida 1, para 0, underwent an obstetric ultrasound examination for dating. Biometry showed the fetus to be approximately 30 weeks gestational age, which was consistent with her last menstrual period. At that time, a two-vessel umbilical cord was noted. The rest of the exam was unremarkable. Because of the reported association of cardiac abnormalities with two-vessel cords, she was referred for a formal fetal echocardiogram.
The fetal echocardiogram was within normal limits. No structural or rhythm abnormalities were appreciated. Doppler waveform distal to the tricuspid valve, obtained from a subcostal four-chamber view, showed reversal of the E and A points ( Fig. 5) . A waveform of mitral valve flow could not be obtained from this projection.
When the fetus moved, allowing an apical four-chamber view to be obtained, the tricuspid valve was again interrogated by pulsed Doppler. The waveform from this projection appeared normal (Fig. 6 ). The mitral valve waveform was normal as well. Prognosis of a fetus with IUGR secondary to chromosomal or structural abnormalities, or infection, is directly related to the severity of the underlying disease. When uteroplacental insufficiency is the cause of IUGR, perinatal mortality and morbidity are significantly increased.
Discussion
The underlying pathophysiology of uteroplacental insufficiency is a decrease in uterine blood flow and/or placental exchange capabilities.3 This results in an insufficient supply of oxygen, glucose, and other essential nutrients being transferred to the fetus. Concomitantly, adapting circulatory responses occur.
These circulatory adaptations result in a redistribution of cardiac output in favor of the heart and brain, with a reduction of flow to other organs less crucial to survival of the fetus, ultimately leading to impairment of growth. As the IUGR worsens, progressive reduction of cardiac output and impairment of cardiac function occurs. If delivery cannot be accomplished within a reasonable amount of time, fetal death will occur.
Because of the hemodynamic changes that occur with IUGR, pulsed Doppler has been advocated as an effective method of monitoring these changes noninvasively. Doppler changes in the umbilical vessels, renal arteries and aorta, cerebral arteries, and cardiac flow have all been reported.3 -7 In the fetal heart, changes in cardiac afterload occur secondary to the brain-sparring effect of IUGR. A decrease in left ventricular afterload due to cerebral vasodilatation is appreciated, while an increase in right ventricular afterload results from systemic vasoconstriction. It is also hypothesized that hypoxemia may impair myocardial contraction while the polycythemia present with IUGR might alter the preload.3 ,5,7 Consequently, fetuses affected with IUGR show impaired ventricular filling properties, as expressed by a lower ratio between early (E point of the atrioventricular valves) and active (A point of the atrioventricular valves) filling.
Some reports have suggested that to avoid the consequences to the fetal brain of prolonged malnutrition, fetuses with IUGR should be delivered as soon as possible, when progressive hemodynamic changes occur.2 ,7 Pulsed Doppler waveforms of the atrioventricular valves show an E point that represents early passive ventricular filling and an A point that reflects active ventricular filling during atrial contraction. The ratio between these two points is an index that indicates ventricular diastolic function.2 ,3 In the normal fetus, the velocity of the E point is significantly less than that of the A point at the end of the first and beginning of the second trimester (Fig. 7A ). As pregnancy progresses, the velocities of these two points become more equal. At birth, this waveform reverses, resulting in the E point having a higher velocity than the A point. 3 In a fetus affected with IUGR, this normal relationship between the E and A points of the atrioventricular valves may be lost (Fig. 7B ).3 -7 In fact, in severely affected fetuses, in-utero reversal of the E and A points may occur. However, the three examples presented here emphasize the fact that this reversal can also be artifactually produced if correct Doppler angles are not utilized. 5 As with all Doppler measurements, angle is critical in achieving an accurate velocity. When interrogating the atrioventricular valves of the fetal heart, the Doppler angle should always be less than 30 degrees.3 Ideally, an angle of 0 degrees should be used; however, this is not always possible to obtain in the fetus. Additionally, the sample volume should be placed immediately distal to the valve being sampled. When interrogating the atrioventricular valves, these factors are best achieved in an apical four-chamber view. If an apical four-chamber view cannot be immediately achieved, the patient's position should be altered or a length of time should be observed, to try to change the position of the fetus. If it is not possible to obtain an apical four-chamber view, Doppler waveforms acquired from a subcostal four-chamber view should not be considered accurate.
Conclusion
Early reversal of the E and A points of the atrioventricular valve waveforms may be indicative of worsening IUGR. When obtaining these wave-forms, meticulous Doppler technique should be utilized to prevent the creation of a pseudoreversal of these indices. Failure to incorporate correct Doppler angle or to recognize that this phenomenon may occur could result in an incorrect diagnosis of hemodynamic compromise.
